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Abstract: Silicone rubber when contaminated by 
dust has the ability to transfer the hydrophobicity 
through pollutants. Water on the polluted silicone 
rubber forms separate droplets. It is a unique advantage 
of this material. However, the pollution layer on silicone 
rubber absorbs moisture at high air humidity similar to 
the pollutants on the glass surface. Under high humidity 
conditions the surface conductivity on heavy polluted 
(ESDD and DDD in the range of 0,1 mg/cm2) silicone 
insulators increases to the value in the range of a few 
mS. This leads to dry band formation, arcing and 
possible surface erosion. The surface conductivity on 
the silicone rubber contaminated a week earlier by NaCl 
without bentonite is very small, in the range of 0,1 mS. 
The surface conductivity of 6 mS was measured on 
similarly polluted porcelain sample. The pure sea salt 
pollution is not dangerous for silicone insulators. 
1 INTRODUCTION 
The wetting processes on polluted porcelain or glass 
insulators were investigated many years ago [1], [2]. A 
lot of research was carried out to study the resistance of 
polymer dielectrics to tracking, erosion and 
environmental conditions. Next, the specific properties 
of silicone rubber were examined i.e. the loss, recovery 
or transfer of hydrophobicity. Despite the fact that the 
water droplet behaviour in electric field was already 
understood in 1930s [3] a lot of present publications 
deal with the dynamics of water droplets on a 
hydrophobic surface. 
The absorpion of water damp by the pollution layer on a 
glass surface was examined 40 years ago [2]. The 
physical background of that process is simple because 
the glass surface is passive and does not influence the 
absorption. The silicone rubber is an active material 
because it causes the hydrophobization of pollutants. As 
a result, the hydrophilic pollution layer becomes 
hydrophobic. The question arises: Do the hydrophilic 
pollutants preserves their properties when put on 
silicone rubber surface ? Do the hydrophilic pollutants 
lose their ability for water damp absorption when they 
become gradually hydrophobic on silicone rubber ? The 
present study tries to answer these questions, probably 
for the first time. 
2 HYGROSCOPIC PROPERTIES OF 
POLLUTANTS 
Fog or high humidity periods can last in some areas 
for many hours. The moisture absorption by pollution 
layer plays an important role in such circumferences. 
The degradation of polymer insulators could be caused 
by small but stable discharges with the current in the 
range of 1 – 5 mA [4]. The onset of partial discharges 
on polluted insulators is possible at a very low value of 
surface conductivity. Due to non-uniform voltage 
distribution, the discharges arise often in the vicinity of 
metal hardware [4]. The concentrated discharges 
burning for a longer period are very dangerous. There 
are two different ways of moisture absorption by 
pollutants from the humid air, absorption by the 
insoluble deposit and absorption by the soluble part of 
contaminants. 
2.1 Hygroscopic properties of salts 
In a closed volume, the vapour pressure over a salt  
solution (PS) is always lower than the vapour pressure 
over pure water (PW). The Raoult’s law describes this 
process [5]: 
     PS = XW  × PW                                (1)  
where: 
XW – mole fraction of water in the salt solution. 
 
A salt solution can either evaporate or absorb water 
from air depending on the sign of the difference (PS – 
Pa). 
where: 
Pa – the water pressure in an open air over a salt 
solution.  
 
A saturated salt solution cannot absorb moisture if 
the water pressure over it is smaller than PSS (the vapour 
pressure over its saturated solution). Therefore, a dry 
salt does not absorb water as long as the vapour pressure 
in air is smaller than PSS. On the other hand, in air 
humidity of 100% each saturated solution absorbs 
water. The surface conductivity on an insulator 
contaminated by NaCl is a function of relative humidity 
RH and ESDD [5].  
 
                  ks  =  100 × ESDD ( 0,46 RH - 31,5 )       (2) 
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where: 
ks – surface conductivity in mS,  
ESDD in mg/cm2   
RH in % 
Equation (2) is valid for temperature of 20 °C and for 
the relative humidity range of 77% – 98%. 
2.2 Moisture absorption by insoluble deposits 
The insoluble contamination does not absorb much 
moisture. However, some industrial types of dust have a 
very porous structure e.g. fly ash. The artificial pollutant 
kaolin absorbs a trace of moisture even at 50% relative 
humidity. Therefore, a small current can be measured on 
NaCl contaminated insulators under so low humidity 
[6]. 
3 EXPERIMENTAL PROCEDURE 
The cylindrical epoxy and silicone rubber insulators 
with the height of 6 cm and diameter of 3 cm were 
chosen for experiments. The top and the bottom surface 
were painted by Graphite 33 manufactured by Kontakt 
Chemie GmbH. The samples were mounted in a glass 
cylinder with a diameter of 30 cm and the height of 50 
cm between the galvanised electrodes (fig. 1). The 
cylinder was put into the water. The humidity inside the 
cylinder increased up to 97% during an hour. The 
humidity was measured by means of the Testo 625 
probe manufactured by TESTO LIMITED with the 
accuracy of 3%. The dc voltage was applied from the 
calibrator 4708 of Datron Instrument for a few seconds 
and the current was measured by means of the digital 
multimeter Argilent 34401A.  
 
 
 
Fig. 1: The cylindrical sample inside the glass hygrostat. 
 
The measurements were also carried out on polluted 
110 kV porcelain long rods LPZs 75/15, VKL 75/14 
(fig. 2), on the HTV silicone insulator manufactured by 
Hoechst HCT 86 and on RTV silicone insulator CS 160 
from IEL Miedzylesie (fig.3). The current was 
measured using a shunt resistance of 100 W. 
Bentonite or kieselghur was used as an inert 
pollutant. A special procedure was applied to uniformly 
contaminate silicone insulators. First, the insulator was 
covered by a very dense 150 g/l kieselghur suspension  
by means of a brush and then it was dried. Next, the dry 
pollutant was removed by wiping. Then, the insulator 
was sprayed using a 60 g/l suspension of bentonite with 
the conductivity of 10 mS/cm. The insulators were 
mounted in the climatic chamber with the dimensions of 
305 ´ 320 ´ 420 cm. The current and electrical 
discharges were recorded under controlled humidity 
conditions. 
 
                    
 
Fig. 2. Porcelain insulators.        Fig. 3. Composite insulators. 
4 RESULTS ON CYLINDRICAL 
SAMPLES 
The dry pollution layer consisting of bentonite or 
kieselghur is hydrophilic. The pollutant absorbs a water 
droplet building a moist stain (fig. 4). The pollutant 
(kieselghur or bentonite) on the silicone rubber becomes 
hydrophobic about 12 hours after contamination. The 
droplet is then not absorbed (fig. 5). This is a well 
known excellent property of silicone rubber.   
 
                                    
 
Fig. 4: The moist stain left by an 
absorbed droplet on epoxy surface 
polluted by means of bentonite  
Fig. 5: The droplet on 
the silicone surface 
polluted by bentonite. 
 
According to this experiment, there are no 
differences between bentonite and kieselghur. These 
materials are hydrophilic on an epoxy surface and 
hydrophobic on a silicone surface. However, under high 
humidity conditions kieselghur and bentonite perform 
2
differently. The kieselghur layer practically does not 
absorb moisture. Therefore, the surface conductivity on 
the epoxy surface with this kind of contamination (fig. 
6, curve 2) is about 700 times lower than the surface 
conductivity on the epoxy insulator with bentonite layer 
and the same ESDD (fig. 7). Note that the surface 
conductivity in fig. 6 is given in nS and in fig. 7 in mS. 
Kieselghur suspension after drying forms probably a 
weakly soluble gel, that practically does not absorb 
moisture from air. The surface conductivity on silicone 
rubber and on epoxy surface, both contaminated by 
kieselghur is very low (fig. 6). 
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Fig. 6: Surface conductivity on epoxy sample (curve 2) and on 
silicone sample (curve 1) polluted by kieselghur. 
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Fig. 7: Surface conductivity on epoxy sample polluted by 
bentonite. 
 
It was found that the surface conductivity on silicone 
rubber with a bentonite pollution is similar to the 
surface conductivity on epoxy sample also polluted by 
bentonite with the same ESDD (fig. 8 and fig. 7). Figure 
8 shows the measurements carried out on a fresh 
polluted sample (curve 2) and on a sample polluted 7 
days before the measurement (curve 1). The older 
pollution layer was very hydrophobic. In spite of that, it 
absorbs moisture similarly to the fresh layer that was 
not diffused by low molecular weight components. To 
increase the reliability of achieved result, the 
measurements were repeated using the pollution layer 
with greater ESDD value. This time the bentonite 
suspension had the conductivity of 10 mS/cm. The 
surface conductivity values measured on hydrophobic 
bentonite layer on silicone cylinder and measured on 
hydrophilic bentonite layer on epoxy sample are very 
similar. A small difference is a result of slightly 
different ESDD values on both samples.  
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Fig. 8: Surface conductivity on silicone rubber with bentonite 
contamination. Curve 1 – measurement 7 days after 
contamination, curve 2 – measurement 2 hours after 
contamination 
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Fig. 9: Surface conductivity on silicone rubber with 
hydrophobic bentonite pollutant (curve 1) and on epoxy 
sample with hydrophilic bentonite pollutant (curve 2). 
 
The study has shown that hydrophobic pollutants on 
a silicone rubber absorb moisture like the hydrophilic 
pollutants on epoxy surface. The surface conductivity 
on polluted silicone insulators in very humid air can be 
similar to that on porcelain or glass insulators. Very 
humid air often occur in tropical areas is, therefore 
dangerous for silicone insulators. 
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Fig. 10: Surface conductivity on silicone rubber (1, 2) and on 
epoxy surface (3). Samples were contaminated by NaCl 
solution without any inert solid polltutant. 
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The silicone rubber exhibits excellent properties in 
humid air when polluted by pure salt, without the inert 
components like kaolin or bentonite (when DDD = 0). 
Figure 10 shows the surface conductivity on samples 
polluted only by NaCl solution with the conductivity of 
100 mS/cm (the same ESDD in each case). The curve 2 
represents measurement made on silicone rubber, 
immediately after the sample was dried. The curve 1 
shows the measurements carried out one week after. 
The curve 3 represents the highest values found on 
epoxy insulator. 
 
5 RESULTS ON HV INSULATORS 
 
Surface conductivity on polluted insulator VKL 
75/14 as a function of relative humidity is shown in fig. 
11. The data were recorded in steady state conditions, 
two hours after the humidity has reached a given value. 
The surface conductivity increases slowly even for the 
relative humidity of 50%. This is caused by moisture 
sorption by bentonite, salts in tape water or traces of 
other salt in NaCl or bentonite. The tap water 
conductivity of 0,27 mS/cm is many times lower than 
10 mS/cm of the bentonite slurry used for preparation of  
pollution layer. The distilled water with the bentonite 
contents of 100 g/l has the conductivity of 45 mS/cm. 
The pure NaCl absorbs the moisture in relative humidity 
higher than 75%. A similar small value of surface 
conductivity on bentonite contaminated porcelain 
insulator for the relative humidity higher than 50% was 
also observed in [6]. 
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Fig. 11: Surface conductivity on the insulator VKL 75/14 with 
the pollution layer consisting of bentonite and NaCl as a 
function of relative humidity.  
 
When the voltage is applied to a contaminated 
insulator in relative humidity of 95%, the surface 
concentrated discharges arise [4]. The discharges are 
more visible on porcelain insulators. The discharges on 
composite insulators are less visible because they 
appeared usually in a few places on the shank. The 
hydrophobicity was probably not totally removed and 
therefore, the pollution layer was not continuous. It is 
difficult to study the hygroscopic properties of 
pollutants on high voltage composite insulators. 
The achieved results give a new light on the 
performance of silicone insulators in a very humid 
environment. These insulators are applied more 
frequently in the tropics [7]. In these regions the relative 
humidity greater than 90% lasts for months [8], the 
relative humidity close to 100% is often noted for the 
whole day [9]. In such conditions the discharges can 
burn not only on disc insulators around the pin [2] but 
also on long rod insulators, as shown in the photographs 
taken in field conditions [4]. 
 
6 CONCLUSIONS 
 
A hydrophobic pollution layer on silicone rubber 
absorbs the moisture in humid air similarly to the 
hydrophilic pollution layer on glass or epoxy surface. 
Therefore, the concentrated discharges can arise not 
only on porcelain insulators but also on silicone 
insulators. This phenomenon could be responsible for 
erosion of silicone rubber.  
 After drying, kieselghur suspension forms a gel that 
does not absorb moisture from humid air. Bentonite 
used as insulator contaminant absorbs moisture very 
well. 
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